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ABSTRACT 
 
The goal of this project was to determine how lighting conditions affected the 
production of sunscreen compounds by three cyanobacteria, Scytonema, Nostoc, and 
Microcoleus, found in cryptobiotic crusts in the desert southwest of the United States. 
Crytobiotic crusts contribute greatly to the stability and fertility of the soil.  The crusts are 
an important carbon dioxide sink and fixer of atmospheric nitrogen.  Cyanobacteria live 
in cooperation with lichens and mosses. The goal of this project was accomplished by 
growing each type of cyanobacteria under three kinds lights which produced different 
amounts of UV radiation.  Methanol extracts of the cyanobacteria were collected and 
analyzed using spectrophotometry from the range of 250nm to 700nm. The spectra of 
each cyanobacteria was compared with the extracts of a native crytobiotic crust collected 
from the desert southwest 
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CHAPTER 1:  INTRODUCTION 
Biological soil crusts (BSCs) or cryptobiotic crusts are very important to the 
ecology of deserts around the world.  It is believed that BSCs have been growing since 
before the establishment of higher plant life in arid regions (Garcia-Pichel et al., 2001).  
BSCs have a very major impact on the biology and physics of arid soil, the main one 
being the stabilization of surface soil and the reduction of soil erosion in areas with high 
erosion levels when the bacterial crust is not present (Pringault et al., 2004).  See picture 
on cover page showing a cryptobiotic crust.  Figure 1 shows a close-up of a crust. 
 
Figure 1:  Close-up of cryptobiotic crust 
Source:  Belnap et al., 2001 
The three species of cyanobacteria that were studied in this paper were Nostoc 
commune, Scytonema myochrous , and Microcoleus vaginatus.  Since cryptobiotic crusts 
grow in arid and semi-arid regions around the world, there are several different soil types.  
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The predominant crust types are shale, gypsum, silt, and sandy soil.  Microcoleus is able 
to grow in shale, silt, and sandy soil, but not in gypsum.  Scytonema can grow in all of 
these soil types.  Nostoc is only able to grow in gypsum and silt (Garcia-Pichel et al., 
2001).   
The soil in BSCs is very unstable under windy conditions and the soil can be 
blown around.  Nostoc and Scytonema cannot grow in soil that is unstable.  Microcoleus 
is filamentous which allows it to grow around soil particles help to maintain the stability 
of the soil so that Nostoc and Scytonema, which do not have such a filamentous nature, 
can also live there.  The increased stability of the soil also allows plants to grow by 
giving them the stability they need for their roots.  There are many types of algae and 
lichens that grow in association with BSCs.  Many types of grasses, shrubs and pine trees 
also grow in the deserts.  Microcoleus has a higher mortality when Nostoc and Scytonema 
are not present because Microcoleus does not produce many chemical sunscreens.  
Nostoc and Scytonema live on the soil surface, so in fact they help to block UV radiation 
from harming Microcoleus (Bower et al., 2002). 
These three species live together in BSCs and help to protect one other from 
harmful UV radiation.  The purpose of this study was to investigate if the lighting 
conditions that affected the growth of the cyanobacteria and production of sunscreen 
pigments.  The different morphology of each cyanobacteria growing on agar is shown in 
figure 2, below.  The samples from the top of the photo are: Nostoc, Microcoleus, and 
Scytonema. 
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Figure 2:  Colony morphology 
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CHAPTER 2:  BACKGROUND 
Terrestrial cyanobacteria are the main component in BSCs where higher plant life 
is not present, usually due to the extreme environmental conditions (Dillon et al., 2002).  
This cryptobiotic crust can be over 70% of the living ground cover in some areas (Belnap 
et al., 2004 and Pringault et al., 2004).  Although cyanobacteria are the main component 
of BSCs, they also contain algae, lichens and mosses (Pringault et al., 2004). 
Cyanobacteria have developed several adaptations that allow them to live in many 
types of soil and rock, where many other plants cannot live.  Cyanobacteria are the first 
plant life that appear in bare arid soils in all desert crusts except deserts of low pH 
(Garcia-Pichel et al., 2001).  Figure 3 shows a cross-section of a cryptobiotic crust.  In 
the diagram, Nostoc is depicted as ‘a’, Scytonema as ‘b’ and Microcoleus as ‘c’.  
Microcoleus can be up to 5 mm below the surface of the soil. 
 
Figure 3:  Cross-section of cryptobiotic crust 
Source:  Bowker et al., 2002 
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Cyanobacteria contribute to the ecosystem because they are able to increase the 
amounts of nitrogen in the soil by fixing atmospheric nitrogen in arid and semi-arid 
regions.  The nitrogen is needed for other plants to survive (Pringault et al., 2004 and 
Sinha et al., 2003).  Also in aquatic and terrestrial ecosystems, especially tropical rice 
fields, cyanobacteria play a major role in fixing nitrogen (Tyagi et al., 2003).  
Cyanobacteria are also capable of fixing carbon, which can increase the total amount of 
carbon in the surface soil by up to 300% (Belnap et al., 2004). 
Changes in rainfall greatly affect the ability of BSCs to fix nitrogen and carbon in 
the soil because they are only metabolically active when they are wet.  Wetting and 
rewetting also affects their ability to respond to stress and produce UV-protective 
pigments.  Rewetting often causes some cells to burst or have leaky membranes due to 
reduction in the amount of carbon.  Without enough carbon in the soil, the BSC 
organisms cannot perform basic repair or maintenance functions (Belnap et al., 2004).  
Some cells are able to survive repeated wetting and drying out cycles by protecting or 
repairing important components to cellular machinery.  After the colonies are rewetted 
the cyanobacteria are able to perform respiration, nitrogen fixation, and photosynthesis, 
but cannot recover from extended dry periods greater than sixty years, due to 
modification of DNA and structural changes in the DNA upon rehydration (Shirkey et 
al., 2003). 
 The highest amount of UV radiation from the sun occurs between late spring and 
early fall.  Some of the light that hits the soil surface is reflected, but the remainder of the 
light enters the soil.  After the light enters the soil it is scattered by the high density of 
minerals in the soil, so the radiation cannot penetrate as deeply into the soil (Belnap et 
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al., 2004). 
Exposure to both UV-A and UV-B radiation is harmful to all organisms, but 
especially to photosynthetic organisms (i.e. cyanobacteria) because of its need for light 
for photosynthesis (Sinha et al., 2003 and He et al., 2002).  UV-A radiation causes 
cellular damage indirectly through oxidative damage from the formation of reactive 
oxygen species that create oxidative stress and oxidative damage, including inhibition of 
photosynthesis and bleaching of photosynthetic pigments (He et al., 2002 and Shirkey et 
al., 2003).  UV-A can also cause damage to nucleic acids, proteins and lipids within the 
cells (Dillon et al., 2002).   
UV-B radiation can also cause damage to important proteins, enzymes, 
photosynthesis machinery, internal cellular components and DNA (Belnap et al., 2004 
and Dillon et al., 2002).  Mobility, growth, production of pigments, survival, metabolism 
and nitrogen fixing have all been shown to be affected by UV-B radiation (Sinha et al., 
2003 and Tyagi et al., 2003).   
 Protection from UV Radiation 
Cyanobacteria have developed three main defense systems to protect themselves 
against damage caused by UV radiation stress avoidance by migrations, repair 
mechanisms for repairing damaged cells and production of sunscreen pigments 
compounds to block the harmful effects of UV-B damage, the specifics of which are 
discussed below (Sinha et al., 2003 and He et al., 2002).  Sunscreen pigments can be 
scytonemins, mycosporine-like amino acids (MAAs), or carotenoids (Belnap et al., 2004 
and Bowker et al., 2002).  See the structure of various sunscreen pigments in Appendix 
D, structure of sunscreen pigments. 
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Scytonemin 
Cultures that do not contain the pigment scytonemin are less resistant to 
photoinhibition and photobleaching of pigments by UV-A than cultures that contain 
scytonemin (Garcia-Pichel et al., 1992).  Scytonemin is a dark orange color and is found 
in the polysaccharide sheath surrounding many different species of cyanobacterial cells.  
Scytonemin is considered a passive sunscreen because it does not need constant 
physiological activity after it has been synthesized (Dillon et al., 2002).  It protects cells 
by absorbing the majority of UV-A light, (320-400 nm) and UV-C light (100-290 nm) 
before it enters the cell (Belnap et al., 2004).  It is also able to absorb some UV-B 
radiation (Dillon et al., 2002).  Even some cyanobacteria that grow in shaded areas have 
high levels of syctonemin (Pentecost, 1993). 
Mycosporine-like Amino Acids 
Mycosporine-like amino acids are found in the glycan sheath of cells and protect 
them by absorbing light at a large variety of wavelengths, but have absorption maxima 
between 310 and 360 nm and preventing UV-induced damage to DNA (Belnap et al., 
2004 and Tyagi et al., 2003).  MAAs are covalently linking oligosaccharides that are able 
to be induced by UV-B (290-320 nm).  MAAs are induced by both osmotic stress and 
UV radiation and protect cells by blocking out most of the UV-B radiation (Tyagi et al., 
2003).   
MAAs are water soluble compounds that contain either a cyclohexenone or 
cyclohexenimine chromophore conjugated with the nitrogen substituent of an amino acid 
or its imino alcohol (Sinha et al., 2003 and Liu et al., 2004).  Cells containing high levels 
of MAAs are 25% more resistant to UV radiation centered at 320 nm than cells 
14 
containing low concentrations or no MAAs (Sinha et al., 2003).  It has been shown that 
MAAs can prevent 2 out of 3 ultraviolet photons from entering cyanobacterial cells 
(Böhm et al., 1995).  Nodularia, another type of cyanobacteria, can increase the amount 
of MAAs in the increased presence of UV-B radiation.  The induction of MAAs has been 
shown to be under the control of UV-B in many types of cyanobacteria (Sinha et al., 
2003).  
Carotenoids 
Carotenoids protect cells from potentially fatal photooxidation caused by 
hydrogen peroxide (H2O2), superoxide (O2-), and hydroxyl radicals (OH) that are caused 
by UV light (Tyagi et al., 2003).  When the cyanobacterial mat is dry, the DNA is 
protected from damage by free radicals (Shirkey et al., 2003).  Carotenoids are located 
mainly in the thylakoid membranes, cell membranes, and cell walls of cyanobacteria.  
Unlike scytonemins and MAAs, which prevent radiation from entering the cell, 
carotenoids work to prevent damage after the radiation has already entered the cell 
(Belnap et al., 2004). 
 Nostoc 
Nostoc commune lives in what are considered dark cyanobacterial BSCs, that 
contain over 50% Nostoc and Scytonema (Bowker et al., 2002).  Dark BSCs grow in hot 
and cool deserts with a low level of disturbance, but where lichen cannot grow due to 
precipitation or soil stability requirements.  Nostoc is a small fairly immobile species of 
cyanobacteria that lives on the surface of the soil crust.  Due to its inability to migrate 
below the surface Nostoc produces sunscreen pigments to block UV light and prevent 
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damage (Belnap et al., 2004).  Nostoc produces MAAs, scytonemin, carotenoids and 
detoxyifying enzymes like superoxide dismutase and catalase to prevent and repair 
damage from UV radiation (Tyagi et al., 2003).  Approximately 10% of the colony dry 
weight is made up of MAAs and 15% is made up of scytonemin (Belnap et al., 2004). 
 Scytonema 
 Scytonema myochrous is also lives in dark cyanobacterial BSCs.  Scytonema is 
also a small species of cyanobacteria that is not able to migrate below the surface of the 
crust to prevent radiation damage.  Scytonema also produces sunscreen pigments.  
Organisms growing in dark crusts are affected by less UV radiation than lichens, which 
grow on the surface of the soil, but more than organisms in light crusts.  They also dry 
out faster than light crusts (Belnap et al., 2004). 
 Microcoleus 
 Microcoleus vaginatus lives in both light and dark cyanobacterial BSCs.  Light 
crusts contain more than 65% Microcoleus and occur in areas of very low rainfall or in 
deserts where lichens and mosses are not able to grow (Bowker et al., 2002).  
Microcoleus is a large filamentous type of cyanobacteria.  Since Microcoleus does not 
produce sunscreen pigments, but is mobile, it moves up to the soil surface for 
photosynthesis only when the soil is wet, otherwise it lives below the surface.  Organisms 
growing in light crusts dry slower than those living in dark crusts and also receive less 
UV radiation (Belnap et al., 2004).  Figure 4 shows Microcoleus vaginatus under 
magnification. 
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Figure 4:  Microcoleus vaginatus 
Source:  Belnap et al., 2001 
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CHAPTER 3:  METHODOLOGY 
Cryptobiotic soil samples containing three types of cyanobacteria, Microcoleus, 
Nostoc, and Syctonema were collected from the desert southwest region of the United 
States.  I began with pre-existing liquid cultures of each type of cyanobacteria to start 
growing each under three different lighting conditions to determine which condition is 
ideal for the production of sunscreen pigments.   
 Growth Conditions  
  The cultures were grown at room temperature in 100 mm by 50 mm glass 
crystallizing dishes containing 100 mL of sterile deionized water and 2 mL of 
Cyanobacteria BG-11 Freshwater Solution 50x (Sigma C-3061).  The first sample was 
grown under two Vita-Lite® 5500K 20 Watt Duro-Test® fluorescent lights, which 
simulate natural sunlight.  See spectrum in Appendix E.  All samples were covered with 
UVT Acrylic, which allowed UV light through.  The transmittance spectrum is shown in 
figure 21 in Appendix E.  The second sample was grown under one Duro-Test® Vita-
Lite® 5500K 20 Watt fluorescent light and one 20 Watt Repti-Sun™ 5.0UVB from Zoo-
Med Laboratories, inc. bulb with enhanced UV, see transmission spectrum in Appendix 
E.  The third sample was covered with plastic UV film (Edmund Optics # 39426) in 
addition to the UVT plastic and placed under the same fluorescent light as with sample 1.  
The UV film absorbs UV radiation, effectively blocking out more than 90% of light 
below 390 nm. See figure 21 in Appendix E.  Photos of the cyanobacteria growing in 
culture are shown in Appendix B, photos of cyanobacterial culture.  
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Extraction Procedure 
The extraction procedure was performed using procedures adapted from Liu et 
al., (2004).  The extractions were performed taking by 15 mL samples from the each of 
the three cultures of cyanobacteria and centrifuging at 380g (1500 RPMs) for 10 minutes.  
The samples were taken after the initial incubation period (1, 2, 3, 4, or 7 days).  Samples 
were taken three times consecutively with 2 mL of 25% aqueous methanol and incubated 
at 45°C for 2 hours.  The final sample was taken 12 hours after the initial incubation 
period.  The same procedure was followed using cryptobiotic soil collected from the 
desert southwest and grown in culture.  A dry soil sample and a wet soil sample were 
used; these are shown in figures 5 and 6, respectively.   
Figure 5:  Dry soil Figure 6:  Wet soil
The top millimeter was scraped off of each culture and the same procedure was 
followed.  The extractions were collected each day using the same procedure.  Extracts 
were taken using 25% aqueous methanol at 24 hours (1 day), 48 hours (2 days), 72 hours 
(3 days), 96 hours (4 days) and 186 hours (7 days) for Nostoc and Scytonema.  Extracts 
for Microcoleus were taken at 24 hours (1 day), 48 hours (2 days), 72 hours (3 days) and 
186 hours (7 days).  
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The extracts were placed in Erlenmeyer flasks and were allowed to evaporate to 
dryness.  This allowed the methanol to evaporate leaving behind the sunscreen pigments 
from the cyanobacterial extract.  The pigments were then redissolved in 2 mL of 25% 
methanol.  The absorbance of the redissovled samples was measured using a single-beam 
spectrophotometer from 250 nm to 700 nm as shown in Appendix A, spectrophotometry 
tables and figures 1-9.   
The cyanobacterial cells that were used for the extractions were resuspended in 
25% methanol and placed in a pre-weighed A3 aluminum weighing dish; these are show 
in Appendix C, photos of cyanobacteria used for extractions.  The methanol was allowed 
to evaporate in order to get the dry weight of each sample, shown in table I, mass of dried 
cyanobacterial cells used for extractions. 
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CHAPTER 4:  DATA COLLECTION  
 The spectrum of the Duro-Test® sunlight simulating lamp is shown compared to 
the spectrum of natural sunlight in figure 22.  The spectra are very similar, which shows 
that the sunscreen pigments produced in the lab are comparable to the amount that would 
be expected to be produced under conditions in the natural environment.  The spectrum 
of a standard fluorescent light is shown in figure 23.  The standard bulb is not comparable 
with natural sunlight because it contains much more yellow and very little red light.  
The UV transmittance of the Zoo Med Laboratories, inc. reptile light with 
enhanced UV is shown in figure 24.  This is shown by the percentage of Previtamin D3 
formation.  Since the formation of Previtamin D3 is catalyzed by UVB light, this shows 
the enhanced UV. 
The spectrum of each pigment sample was taken using a UV macro cuvette in a 
single beam spectrophotometer.  The absorbance was manually recorded from 250 nm to 
700 nm in increments of 10 nm.  The data points were plotted using Microsoft® Excel.  
The graphs for each sample are shown below. 
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Figure 7:  Sample 1-absorbance of a 25% methanol extract of Nostoc 
Grown under sunlight simulating fluorescent light 
Figure 7 above shows the absorbance of a methanol extract of Nostoc when 
grown under two sunlight-simulating fluorescent lights.  The extracts that were taken 
from cells on days 1-4 showed an absorbance peak at 340 nm, which indicates the 
existence of UV-absorbing sunscreen pigments in the extracts.  The extracts from cells 
from days 1-4 showed a broad band of increase absorbance at 400 nm.  The extracts from 
days 1 and 2 appeared to show a minor absorbance peak at 600 nm. 
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Figure 8:  Sample 2-absorbance of a 25% methanol extract of Nostoc 
Grown under reptile light with enhanced UV 
 Figure 8 shows Nostoc sample 2, which showed broad absorbance of all samples 
at 260 nm.  There were also minor absorbance peaks at 340 nm from cells extracted on 
days 3 and 4.  The extract collected on day 7 cells had a very high absorbance peak at 320 
nm.  This shows that many sunscreen pigments were produced by day 7. 
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Figure 9:    Sample 3-absorbance of a 25% methanol extract of Nostoc 
Grown under Sunlight simulating fluorescent light with UV-blocking film 
 Figure 9 above shows the absorbance of Nostoc sample 3.  All extracts collected 
from this culture showed an increase in absorbance at 330 nm.  The spectrum for the 
extract collected from cells on day 4 showed the highest absorbance at 340 nm, indicating 
that those cells produce more sunscreen pigments. 
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Figure 10:  Sample 1-absorbance of a 25% methanol extract of Scytonema 
Grown under sunlight simulating fluorescent light 
 Figure 10 shows the absorbance of extracts of Scytonema sample 1.  All extracts 
collected demonstrate an absorbance peak at 340 nm.  The spectrum for day 7 cells 
showed the highest absorbance at 340 nm, which shows that they produced the most UV-
absorbing sunscreens. 
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Figure 11:  Sample 2-absorbance of a 25% methanol extract of Scytonema 
Grown under reptile light with enhanced UV 
 The absorbance of extracts of Scytonema sample 2, which was grown under 
reptile light with enhanced UV, showed a peak absorbance at 340 nm for all samples 
except for the day 1 sample, which showed a decrease in absorbance.  The extract from 
day 4 cells contained slightly more sunscreen pigments than the sample from day 7 cells, 
shown in figure 11.  
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Figure 12:  Sample 3-absorbance of a 25% methanol extract of Scytonema 
Grown under sunlight simulating fluorescent light with UV-blocking film 
 The absorbance of the extract from Scytonema sample 3, which was grown under 
sunlight-simulating light covered with UV-blocking film, showed absorbance maximum 
in all samples at 340 nm.  The absorbance peak at 340 nm of the extract collected on day 
4 cells was slightly higher than that of the extract collect from day 7 cells. 
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Figure 13:  Sample 1-absorbance of a 25% methanol extract of Microcoleus 
Grown under sunlight simulating fluorescent light 
 The absorbance spectrum for the extract from Microcoleus sample 1 did not show 
consistent absorbance maxima throughout the samples taken each day.  Extracts from the 
cells obtained on days 1 and 3 appear to have a very minor absorbance at 270 nm.  The 
extract taken from day 7 cells showed a minor absorbance peak at 340 nm that was 
similar to the UV-absorbing sunscreens also observed in Nostoc and Scytonema.  The 
spectrum of the extract from day 2 cell growth showed a minor absorbance peak at 470 
nm, which could show the existence of carotenoids in the extract.   
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Figure 14:  Sample 2-absorbance of a 25% methanol extract of Microcoleus 
Grown under reptile light with enhanced UV 
 The extracts collected from Microcoleus sample 2 cells are shown in figure 14 
above.  All of the extracts showed an increase in absorbance at 260 nm.  The day 7 cell 
extract showed the highest absorbance at 260 nm.  There does not appear to be any clear 
absorbance above 300 nm in the samples   
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Figure 15:  Sample 3-absorbance of Microcoleus 
Grown under sunlight simulating fluorescent light with UV-blocking film 
 The extract collected on day 7 from Microcoleus sample 3 cells showed increased 
absorbance at 260 nm. The extract from day 7 also showed very minor absorbance peaks 
at 350 nm and 400 nm.  The extracts collected from cells on days 1-3 appeared to show 
no clear absorbance. 
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Figure 16:  Absorbance of a 25% methanol extract of two soil samples 
Figure 16 shows the absorbance of extracts from a dry soil sample and a wet soil 
sample, shown in figures 6 and 7, respectively.  The dry soil sample showed an 
absorbance peak at 315 nm.  The wet soil sample showed no absorbance peaks. 
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Table I:  Mass of dried cyanobacterial cells used for extractions 
Day 1  Day 2 
Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight   Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight 
N1 1.2650 1.2656 0.0006  N1 1.2596 1.2603 0.0007 
N2 1.2736 1.2740 0.0004  N2 1.2780 1.2787 0.0007 
N3 1.2601 1.2640 0.0004  N3 1.2730 1.2736 0.0006 
         
S1 1.2766 1.2777 0.0011  S1 1.2813 1.2831 0.0018 
S2 1.2753 1.2760 0.0007  S2 1.2712 1.2721 0.0009 
S3 1.2750 1.2758 0.0008  S3 1.2766 1.2777 0.0011 
         
M1 1.2637 1.2641 0.0004  M1 1.2587 1.2617 0.0030 
M2 1.2579 1.2591 0.0012  M2 1.2654 1.2667 0.0013 
M3 1.2787 1.2801 0.0014  M3 1.2593 1.2602 0.0009 
Day 3  Day 4 
Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight  
 
Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight 
N1 1.2725 1.2734 0.0009  N1 1.2711 1.2721 0.0011 
N2 1.2708 1.2719 0.0011  N2 1.2812 1.2822 0.0010 
N3 1.2615 1.2623 0.0008  N3 1.2742 1.2754 0.0012 
         
S1 1.2785 1.2798 0.0013  S1 1.2675 1.2686 0.0011 
S2 1.2724 1.2739 0.0015  S2 1.2706 1.2726 0.0020 
S3 1.2684 1.2700 0.0016  S3 1.2642 1.2660 0.0018 
         
M1 1.2535 1.2538 0.0003  M1 -- -- -- 
M2 1.2793 1.2798 0.0005  M2 -- -- -- 
M3 1.2837 1.2854 0.0017  M3 -- -- -- 
Day 7  Soil Table 
Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight  
 
Sample  
Empty 
Dish 
Dish + 
Sample 
Sample 
Weight 
N1 1.2596 1.2601 0.0005  Wet Soil 1.3116 1.3226 0.0110 
N2 1.2632 1.2662 0.0030      
N3 1.2593 1.2601 0.0008  Dry Soil 1.3298 1.4869 0.1571 
         
S1 1.2673 1.2705 0.0032      
S2 1.2632 1.2647 0.0015      
S3 1.2777 1.2796 0.0019      
         
M1 1.2746 1.2763 0.0016      
M2 1.2557 1.2571 0.0014      
M3 1.2763 1.2828 0.0065      
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CHAPTER 5:  DISCUSSION 
 Sample 1, which was grown under sunlight simulating light, was used as a control 
for this study.  Sample 2, which was grown under reptile light with enhanced UV, was 
used to observe the effect of increased UV light on the amount of pigments produced.  
Sample 3, which was grown under sunlight simulating light and covered with UV-
blocking film, was studied to determine the effect of decreased UV light on the amount of 
pigments produced.  
Nostoc normally produces many sunscreens in its native environment, so I 
expected it to be affected by the different lighting.  The sample 1 extracts from days 1-4 
showed consistent absorbencies.  The extracts collected from sample 2 showed an 
increase in absorbance from the previous sample, which is to be expected due to the 
increase in UV.  Nostoc sample 3 showed that it was producing pigments, but by day 7 
had stopped and showed a decrease in absorbance.   
Scytonema usually produces many sunscreens in its native environment, so I 
expected it to be affected by the different lighting.  Sample 1 extracts showed an increase 
in the amount of absorbance from each previous sample.  This shows that the pigments 
are not produced immediately, but instead are produced after an initial lag period.  The 
extracts collected from sample 2 also showed sunscreen pigments were produced, but less 
than were produced by sample 1.  I expected to see more pigments produced by sample 2 
due to the increase UV radiation it was exposed to.  Extracts from sample 3 produced less 
pigments than sample 3, which is to be expected because sample 3 was exposed to much 
less UV light. 
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I did not expect the lighting to have much of an affect on the production of 
sunscreen pigments by Microcoleus, since it is known to not produce very many 
pigments.  The Microcoleus extracts did not show a clear change overtime.  The extracts 
from sample 1 showed minimal pigment production.  Sample 2 extracts showed that 
Microcoleus did produce a little bit more pigments, with day 7 having the highest level of 
pigments.  However the extracts from day 3 showed the highest production of sunscreen 
pigments.  I did not expect to see many pigments being produced because the UV 
radiation was blocked by the film. 
The growth of all the cyanobacteria cultures seemed to be altered when extracts 
were taken on day 7.  All of the samples growing on day 7 had turned brown, most likely 
due to overexposure to UV light.  I feel that the cyanobacteria could not produce enough 
sunscreen pigments to provide adequate protection for themselves after growing under 
seven days of intense light.  Nostoc sample 2 and sample 3, shown in figures 9 and 10, 
respectively, show that by day 7 the two Nostoc cultures had produced more sunscreen 
pigments. The absorption spectrum of Nostoc sample 1, shown in figure 8, however 
showed the least amount of pigments out of all days, possibly caused by an increase in 
cell death. 
The results from this study are shown in chapter 4, data collection.  The amount 
of sunscreen pigments produced by each type of cyanobacteria was not consistent for the 
extracts collected.  Therefore the results did not show conclusively that the lighting 
conditions alone were enough to change the amount of sunscreen pigments produced by 
each of the three species of cyanobacteria.  Since cyanobacteria in its native environment 
face many more stresses than in the laboratory setting, I have concluded that there are 
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several factors involved with the production of sunscreen pigments.  These factors 
include:  temperature changes, osmotic pressure changes, and repeated hydration and 
drying out cycles.  I recommend that further studies be performed to investigate other 
contributing factors. 
Further studies should be performed on cultures growing in native soil to 
investigate how repeated wetting and drying cycles affect the production of sunscreen 
pigments.  I also recommend that BSCs be grown at different temperature that would 
simulate the native environment to see how this affects cells. 
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APPENDIX A:  SPECTROPHOTOMETRY TABLES 
Table II:  Nostoc sample 1 
Grown under sunlight simulating fluorescent light 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
250 0.666 0.389 1.003 0.730 0.425 
260 0.583 0.377 0.961 0.705 0.404 
270 0.572 0.336 0.808 0.624 0.345 
280 0.441 0.283 0.556 0.458 0.229 
290 0.303 0.234 0.309 0.277 0.100 
300 0.248 0.189 0.218 0.240 0.041 
310 0.247 0.190 0.235 0.282 0.032 
315 0.251 0.191 0.244 0.277 0.025 
320 0.258 0.200 0.248 0.269 0.022 
325 0.265 0.211 0.256 0.255 0.021 
330 0.273 0.216 0.262 0.248 0.020 
335 0.275 0.213 0.261 0.235 0.019 
340 0.277 0.250 0.257 0.226 0.016 
350 0.216 0.163 0.177 0.147 0.006 
360 0.153 0.121 0.087 0.057 -0.007 
370 0.134 0.111 0.065 0.039 -0.012 
380 0.117 0.119 0.059 0.028 -0.011 
385 0.112 0.112 0.060 0.029 -0.011 
390 0.107 0.106 0.056 0.028 -0.012 
395 0.106 0.111 0.055 0.031 -0.012 
400 0.104 0.106 0.055 0.025 -0.010 
410 0.100 0.108 0.052 0.019 -0.013 
420 0.098 0.104 0.044 0.010 -0.015 
430 0.095 0.093 0.030 0.002 -0.018 
440 0.092 0.091 0.019 -0.005 -0.021 
450 0.090 0.077 0.010 -0.009 -0.021 
460 0.087 0.072 0.006 -0.010 -0.022 
465 0.080 0.070 0.005 -0.010 -0.023 
470 0.075 0.064 0.004 -0.010 -0.022 
475 0.079 0.061 0.005 -0.009 -0.021 
480 0.081 0.060 0.004 -0.008 -0.021 
485 0.077 0.061 0.005 -0.009 -0.021 
490 0.079 0.063 0.005 -0.008 -0.020 
495 0.078 0.062 0.005 -0.008 -0.019 
500 0.078 0.053 0.005 -0.008 -0.019 
510 0.076 0.049 0.005 -0.008 -0.018 
520 0.074 0.048 0.003 -0.007 -0.018 
530 0.067 0.044 0.002 -0.010 -0.019 
535 0.069 0.042 0.003 -0.008 -0.017 
38 
540 0.070 0.040 0.002 -0.008 -0.017 
545 0.070 0.037 0.002 -0.008 -0.016 
550 0.071 0.038 0.002 -0.009 -0.017 
560 0.069 0.036 0.001 -0.006 -0.017 
570 0.067 0.035 0.001 -0.009 -0.016 
580 0.067 0.037 0.001 -0.009 -0.015 
590 0.067 0.034 0.002 -0.007 -0.014 
600 0.085 0.038 0.005 -0.007 -0.013 
605 0.084 0.042 0.004 -0.006 -0.013 
610 0.083 0.038 0.005 -0.008 -0.013 
620 0.083 0.036 0.006 -0.007 -0.012 
630 0.082 0.035 0.005 -0.008 -0.013 
640 0.084 0.035 0.006 -0.007 -0.012 
650 0.083 0.030 0.006 -0.007 -0.013 
655 0.086 0.029 0.006 -0.007 -0.013 
660 0.085 0.028 0.005 -0.007 -0.013 
670 0.083 0.025 0.005 -0.006 -0.013 
675 0.083 0.035 0.004 -0.007 -0.013 
680 0.083 0.036 0.005 -0.007 -0.013 
685 0.082 0.035 0.005 -0.007 -0.012 
690 0.082 0.031 0.005 -0.007 -0.012 
700 0.081 0.030 0.005 -0.006 -0.012 
 
Table III:  Nostoc sample 2 
Grown under reptile light with enhanced UV 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
250 0.493 0.302 0.620 0.810 3.000 
260 0.465 0.318 0.638 0.844 3.000 
270 0.411 0.298 0.580 0.790 3.000 
280 0.308 0.226 0.436 0.617 3.000 
290 0.202 0.140 0.271 0.433 1.607 
300 0.174 0.100 0.0221 0.429 1.608 
310 0.155 0.106 0.251 0.510 2.547 
315 0.156 0.105 0.263 0.515 2.852 
320 0.158 0.105 0.270 0.494 2.206 
325 0.162 0.121 0.280 0.476 2.006 
330 0.166 0.123 0.289 0.465 1.927 
335 0.165 0.125 0.290 0.545 1.820 
340 0.168 0.130 0.289 0.448 1.632 
350 0.128 0.106 0.196 0.310 1.357 
360 0.090 0.070 0.092 0.147 0.447 
370 0.080 0.064 0.068 0.110 0.298 
380 0.075 0.064 0.061 0.105 0.269 
390 0.073 0.063 0.054 0.099 0.238 
400 0.071 0.065 0.049 0.092 0.213 
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410 0.066 0.059 0.043 0.079 0.180 
420 0.064 0.061 0.035 0.066 0.147 
430 0.063 0.056 0.030 0.053 0.115 
440 0.061 0.049 0.022 0.044 0.092 
445 0.060 0.055 0.030 0.047 0.081 
450 0.054 0.064 0.042 0.061 0.075 
455 0.061 0.043 0.015 0.034 0.068 
460 0.055 0.043 0.015 0.031 0.063 
470 0.054 0.040 0.011 0.027 0.056 
480 0.054 0.039 0.011 0.025 0.046 
490 0.054 0.040 0.010 0.022 0.042 
500 0.053 0.037 0.009 0.021 0.039 
510 0.050 0.035 0.008 0.020 0.037 
520 0.050 0.035 0.007 0.018 0.035 
530 0.050 0.031 0.007 0.016 0.033 
540 0.050 0.030 0.007 0.015 0.032 
550 0.050 0.031 0.007 0.014 0.031 
560 0.045 0.029 0.006 0.013 0.030 
570 0.044 0.028 0.006 0.013 0.030 
580 0.044 0.028 0.005 0.014 0.030 
590 0.044 0.029 0.005 0.012 0.031 
600 0.041 0.029 0.006 0.010 0.030 
610 0.040 0.025 0.006 0.009 0.028 
620 0.036 0.025 0.005 0.010 0.028 
630 0.035 0.023 0.006 0.010 0.029 
640 0.038 0.023 0.004 0.010 0.029 
645 0.043 0.026 0.003 0.010 0.028 
650 0.042 0.021 0.004 0.011 0.029 
655 0.042 0.022 0.006 0.012 0.029 
660 0.039 0.022 0.004 0.012 0.029 
665 0.039 0.022 0.007 0.012 0.029 
670 0.040 0.024 0.006 0.012 0.028 
680 0.040 0.025 0.006 0.012 0.029 
690 0.036 0.023 0.005 0.011 0.028 
700 0.037 0.021 0.006 0.012 0.029 
 
Table IV:  Nostoc sample 3 
Grown under sunlight simulating fluorescent light with UV-blocking film 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
255 0.424 0.401 0.501 1.020 0.646 
260 0.395 0.374 0.484 0.918 0.482 
270 0.341 0.349 0.423 0.802 0.381 
280 0.255 0.304 0.307 0.589 0.248 
290 0.164 0.252 0.188 0.373 0.132 
300 0.123 0.215 0.135 0.303 0.082 
40 
310 0.121 0.221 0.139 0.322 0.077 
315 0.125 0.220 0.143 0.319 0.073 
320 0.130 0.220 0.145 0.315 0.070 
325 0.132 0.222 0.149 0.315 0.066 
330 0.136 0.230 0.154 0.308 0.065 
335 0.135 0.225 0.151 0.302 0.063 
340 0.129 0.220 0.148 0.296 0.066 
350 0.097 0.191 0.107 0.223 0.051 
360 0.061 0.156 0.064 0.133 0.040 
370 0.049 0.142 0.053 0.108 0.035 
380 0.049 0.140 0.050 0.110 0.035 
390 0.043 0.140 0.049 0.102 0.033 
400 0.038 0.135 0.045 0.10 0.034 
410 0.035 0.141 0.045 0.095 0.031 
415 0.035 0.141 0.044 0.087 0.028 
420 0.034 0.136 0.043 0.078 0.027 
425 0.035 0.130 0.038 0.074 0.024 
430 0.036 0.131 0.035 0.061 0.022 
435 0.035 0.129 0.033 0.054 0.019 
440 0.035 0.125 0.029 0.048 0.017 
450 0.032 0.111 0.021 0.041 0.012 
460 0.028 0.093 0.016 0.037 0.010 
470 0.025 0.092 0.014 0.034 0.007 
480 0.025 0.088 0.014 0.030 0.006 
490 0.025 0.085 0.012 0.030 0.005 
500 0.025 0.083 0.014 0.028 0.004 
510 0.025 0.080 0.010 0.026 0.004 
520 0.022 0.078 0.010 0.022 0.003 
530 0.022 0.077 0.009 0.022 0.003 
540 0.022 0.075 0.008 0.022 0.002 
550 0.022 0.072 0.008 0.021 0.002 
560 0.020 0.070 0.007 0.019 0.002 
570 0.021 0.066 0.007 0.019 0.002 
575 0.021 0.066 0.008 0.018 0.002 
580 0.021 0.067 0.010 0.020 0.002 
585 0.021 0.066 0.008 0.017 0.001 
590 0.022 0.066 0.008 0.018 0.002 
600 0.021 0.064 0.007 0.021 0.002 
610 0.021 0.064 0.009 0.021 0.001 
615 0.020 0.064 0.009 0.022 0.002 
620 0.019 0.064 0.012 0.021 0.001 
625 0.020 0.063 0.008 0.021 0.002 
630 0.021 0.063 0.008 0.021 0.002 
635 0.023 0.063 0.008 0.020 0.002 
640 0.022 0.062 0.008 0.019 0.002 
41 
650 0.020 0.060 0.008 0.019 0.001 
660 0.020 0.060 0.008 0.021 0.001 
670 0.019 0.063 0.007 0.020 0.002 
675 0.020 0.062 0.013 0.020 0.002 
680 0.021 0.060 0.011 0.021 0.001 
685 0.021 0.061 0.010 0.020 0.002 
690 0.020 0.063 0.008 0.018 0.002 
695 0.021 0.061 0.008 0.019 0.002 
700 0.021 0.060 0.007 0.019 0.002 
 
Table V:  Scytonema sample 1 
Grown under sunlight simulating fluorescent light 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
250 1.036 2.000 0.780 0.716 3.000 
260 0.902 1.654 0.702 0.563 3.000 
270 0.810 1.275 0.620 0.465 3.000 
280 0.623 0.942 0.474 0.357 1.667 
290 0.405 0.586 0.293 0.228 0.859 
300 0.268 0.356 0.175 0.141 0.492 
310 0.237 0.317 0.162 0.127 0.476 
315 0.240 0.330 0.175 0.148 0.526 
320 0.246 0.349 0.194 0.158 0.589 
325 0.249 0.372 0.214 0.180 0.657 
330 0.247 0.381 0.225 0.191 0.703 
335 0.241 0.379 0.226 0.194 0.714 
340 0.243 0.387 0.231 0.203 0.899 
350 0.163 0.231 0.134 0.120 0.433 
360 0.115 0.121 0.064 0.055 0.191 
370 0.091 0.099 0.047 0.043 0.133 
380 0.078 0.081 0.040 0.040 0.114 
385 0.078 0.078 0.038 0.038 0.110 
390 0.076 0.070 0.034 0.035 0.093 
395 0.069 0.065 0.031 0.033 0.087 
400 0.063 0.059 0.028 0.031 0.078 
410 0.056 0.050 0.021 0.026 0.063 
420 0.050 0.040 0.017 0.022 0.050 
430 0.045 0.034 0.013 0.021 0.039 
440 0.039 0.028 0.010 0.017 0.032 
450 0.035 0.034 0.009 0.015 0.025 
460 0.034 0.021 0.007 0.015 0.021 
470 0.028 0.019 0.007 0.015 0.017 
480 0.028 0.024 0.006 0.011 0.013 
485 0.028 0.016 0.006 0.012 0.012 
490 0.029 0.015 0.005 0.013 0.010 
500 0.027 0.014 0.005 0.012 0.08 
42 
510 0.027 0.012 0.004 0.012 0.007 
520 0.025 0.010 0.003 0.011 0.006 
530 0.024 0.010 0.003 0.013 0.005 
540 0.023 0.010 0.003 0.012 0.004 
550 0.021 0.009 0.002 0.011 0.003 
560 0.021 0.009 0.003 0.011 0.002 
570 0.021 0.008 0.002 0.010 0.001 
580 0.023 0.008 0.002 0.011 0.001 
585 0.023 0.007 0.002 0.011 0.000 
590 0.022 0.008 0.002 0.009 0.001 
600 0.019 0.007 -0.002 0.013 0.001 
610 0.020 0.007 -0.001 0.007 0.000 
620 0.018 0.007 -0.001 0.005 -0.001 
630 0.020 0.006 -0.002 0.008 0.001 
640 0.018 0.007 -0.002 0.006 0.000 
650 0.016 0.007 -0.001 0.009 0.000 
660 0.016 0.007 -0.001 0.009 0.000 
670 0.016 0.006 -0.002 0.007 0.000 
680 0.016 0.007 -0.001 0.009 0.000 
690 0.016 0.007 -0.002 0.011 0.000 
700 0.013 0.006 -0.002 0.012 0.000 
 
Table VI:  Scytonema sample 2 
Grown under reptile light with enhanced UV 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
255 0.405 0.681 0.896 3.000 1.065 
260 0.405 0.604 0.759 1.636 1.018 
270 0.377 0.522 0.641 1.111 0.910 
280 0.285 0.382 0.461 0.779 0.678 
290 0.170 0.224 0.264 0.459 0.403 
300 0.108 0.134 0.153 0.261 0.222 
310 0.105 0.124 0.151 0.258 0.227 
315 0.107 0.131 0.153 0.291 0.263 
320 0.118 0.151 0.197 0.333 0.308 
325 0.124 0.166 0.224 0.379 0.354 
330 0.125 0.173 0.240 0.410 0.386 
335 0.026 0.177 0.245 0.418 0.397 
340 0.026 0.184 0.256 0.461 0.390 
350 0.086 0.104 0.141 0.256 0.219 
360 0.057 0.054 0.062 0.100 0.089 
370 0.051 0.041 0.042 0.070 0.058 
380 0.046 0.035 0.035 0.065 0.049 
390 0.038 0.031 0.028 0.050 0.043 
400 0.035 0.024 0.021 0.040 0.035 
410 0.035 0.021 0.028 0.030 0.028 
43 
415 0.024 0.018 0.024 0.029 0.023 
420 0.026 0.018 0.023 0.024 0.021 
425 0.024 0.016 0.021 0.024 0.019 
430 0.022 0.012 0.018 0.020 0.017 
435 0.026 0.010 0.017 0.018 0.014 
440 0.032 0.009 0.016 0.016 0.014 
445 0.025 0.008 0.014 0.015 0.011 
450 0.017 0.008 0.015 0.014 0.010 
460 0.019 0.008 0.013 0.012 0.007 
470 0.018 0.008 0.011 0.011 0.007 
480 0.016 0.006 0.011 0.008 0.004 
490 0.021 0.006 0.011 0.007 0.003 
495 0.014 0.007 0.008 0.009 0.004 
500 0.021 0.006 0.009 0.007 0.004 
510 0.016 0.005 0.007 0.007 0.001 
520 0.015 0.005 0.008 0.007 0.001 
530 0.014 0.004 0.007 0.006 0.001 
540 0.014 0.003 0.007 0.006 0.000 
550 0.017 0.006 0.007 0.005 -0.001 
555 0.014 0.003 0.006 0.005 -0.001 
560 0.013 0.003 0.006 0.005 -0.001 
570 0.012 0.004 0.006 0.005 -0.001 
580 0.012 0.004 0.005 0.005 0.000 
590 0.011 0.002 0.006 0.004 -0.001 
600 0.011 0.000 0.004 0.005 0.004 
610 0.014 0.002 0.004 0.003 0.002 
620 0.012 0.002 0.004 0.000 0.001 
630 0.013 0.002 0.004 0.004 0.004 
640 0.012 0.002 0.004 0.004 0.004 
650 0.014 0.000 0.004 0.005 0.003 
660 0.014 0.001 0.005 0.006 0.004 
670 0.014 0.001 0.005 0.006 0.005 
680 0.014 0.001 0.005 0.006 0.004 
690 0.015 0.002 0.005 0.006 0.000 
700 0.012 0.001 0.005 0.006 0.002 
 
Table VII:  Scytonema sample 3 
Grown under sunlight simulating fluorescent light with UV-blocking film 
nm Day 1 Day 2 Day 3 Day 4 Day 7 
255 0.440 1.098 0.920 3.000 0.682 
260 0.423 1.061 0.842 2.137 0.662 
270 0.414 1.043 0.806 1.255 0.603 
280 0.297 0.794 0.620 0.872 0.469 
290 0.176 0.487 0.403 0.506 0.305 
300 0.102 0.288 0.262 0.291 0.190 
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310 0.091 0.254 0.233 0.262 0.177 
320 0.106 0.288 0.248 0.307 0.205 
325 0.110 0.305 0.259 0.338 0.220 
330 0.112 0.319 0.263 0.356 0.231 
335 0.111 0.318 0.262 0.360 0.232 
340 0.106 0.303 0.247 0.390 0.225 
350 0.070 0.190 0.163 0.235 0.140 
360 0.046 0.104 0.098 0.119 0.072 
370 0.035 0.080 0.078 0.092 0.053 
380 0.035 0.072 0.066 0.083 0.045 
385 0.032 0.064 0.061 0.081 0.041 
390 0.027 0.058 0.050 0.071 0.036 
395 0.023 0.053 0.045 0.065 0.033 
400 0.024 0.050 0.041 0.060 0.029 
410 0.021 0.037 0.034 0.050 0.022 
420 0.016 0.034 0.029 0.043 0.017 
430 0.017 0.024 0.023 0.036 0.012 
440 0.011 0.020 0.020 0.032 0.009 
450 0.010 0.017 0.019 0.029 0.007 
460 0.008 0.014 0.015 0.027 0.006 
470 0.007 0.013 0.014 0.025 0.005 
480 0.006 0.010 0.011 0.022 0.002 
485 0.008 0.010 0.012 0.022 0.003 
490 0.006 0.008 0.011 0.021 0.002 
500 0.007 0.007 0.010 0.021 0.002 
510 0.006 0.007 0.009 0.021 0.001 
520 0.007 0.006 0.008 0.020 0.000 
530 0.005 0.005 0.007 0.020 0.000 
540 0.006 0.004 0.007 0.021 0.000 
550 0.007 0.005 0.007 0.018 0.000 
560 0.004 0.005 0.007 0.018 0.000 
570 0.004 0.003 0.007 0.018 0.000 
580 0.005 0.003 0.006 0.020 0.000 
585 0.005 0.003 0.006 0.018 -0.002 
590 0.005 0.003 0.006 0.016 -0.001 
600 0.003 0.003 0.006 0.012 0.004 
610 0.002 0.002 0.005 0.011 0.004 
620 0.001 0.003 0.006 0.008 0.003 
630 0.001 0.003 0.005 0.012 0.004 
640 0.001 0.003 0.004 0.012 0.003 
650 0.000 0.003 0.005 0.013 0.004 
660 0.001 0.004 0.004 0.013 0.004 
670 0.001 0.005 0.006 0.009 0.004 
680 0.001 0.003 0.005 0.010 0.004 
690 0.001 0.004 0.004 0.014 0.003 
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700 0.001 0.002 0.005 0.014 0.004 
 
Table VIII:  Microcoleus sample 1 
Grown under sunlight simulating fluorescent light 
nm Day 1 Day 2 Day 3 Day 7 
255 0.037 0.765 0.126 0.486 
260 0.020 0.688 0.119 0.428 
270 0.035 0.604 0.113 0.390 
275 0.034 0.518 0.103 0.345 
280 0.027 0.428 0.092 0.296 
290 0.023 0.258 0.069 0.220 
300 0.023 0.166 0.059 0.179 
310 0.026 0.135 0.049 0.159 
315 0.023 0.124 0.045 0.153 
320 0.021 0.114 0.039 0.148 
325 0.019 0.108 0.034 0.141 
330 0.019 0.105 0.032 0.136 
335 0.020 0.095 0.030 0.133 
340 0.017 0.093 0.028 0.165 
350 0.013 0.077 0.023 0.123 
360 0.011 0.070 0.023 0.126 
370 0.010 0.065 0.021 0.117 
380 0.007 0.059 0.020 0.103 
390 0.007 0.050 0.019 0.098 
400 0.007 0.045 0.018 0.095 
410 0.006 0.042 0.017 0.091 
420 0.006 0.035 0.016 0.083 
430 0.005 0.030 0.015 0.071 
440 0.005 0.026 0.014 0.061 
450 0.005 0.024 0.013 0.057 
460 0.005 0.021 0.012 0.053 
470 0.005 0.038 0.010 0.051 
480 0.004 0.021 0.009 0.042 
490 0.004 0.019 0.009 0.038 
500 0.006 0.021 0.007 0.035 
510 0.004 0.019 0.007 0.032 
520 0.006 0.019 0.007 0.030 
530 0.005 0.019 0.007 0.029 
540 0.005 0.019 0.007 0.026 
550 0.005 0.018 0.006 0.025 
560 0.005 0.021 0.007 0.023 
570 0.006 0.020 0.006 0.022 
580 0.004 0.021 0.005 0.022 
590 0.004 0.024 0.005 0.022 
600 0.004 0.019 0.006 0.021 
46 
610 0.003 0.017 0.004 0.022 
620 0.002 0.019 0.004 0.021 
630 0.003 0.019 0.005 0.020 
640 0.004 0.021 0.005 0.019 
650 0.004 0.020 0.004 0.021 
660 0.003 0.018 0.004 0.021 
670 0.004 0.018 0.004 0.019 
680 0.002 0.018 0.006 0.020 
690 0.003 0.020 0.004 0.020 
700 0.003 0.020 0.005 0.019 
 
Table IX:  Microcoleus sample 2 
Grown under reptile Light with enhanced UV 
nm Day 1 Day 2 Day 3 Day 7 
255 0.148 0.280 0.142 0.645 
260 0.164 0.298 0.158 0.558 
265 0.167 0.297 0.155 0.536 
270 0.160 0.277 0.148 0.515 
275 0.142 0.241 0.133 0.468 
280 0.121 0.198 0.115 0.424 
290 0.092 0.127 0.086 0.341 
300 0.086 0.096 0.076 0.292 
310 0.076 0.088 0.069 0.266 
315 0.070 0.083 0.066 0.248 
320 0.067 0.074 0.062 0.251 
325 0.060 0.067 0.058 0.234 
330 0.055 0.064 0.053 0.237 
335 0.053 0.055 0.053 0.224 
340 0.048 0.050 0.052 0.243 
350 0.041 0.048 0.046 0.219 
360 0.036 0.041 0.045 0.205 
370 0.033 0.036 0.042 0.200 
380 0.031 0.030 0.035 0.189 
390 0.029 0.028 0.030 0.172 
400 0.027 0.025 0.030 0.171 
410 0.025 0.023 0.026 0.171 
420 0.022 0.021 0.026 0.161 
430 0.021 0.024 0.022 0.136 
440 0.021 0.019 0.021 0.135 
450 0.021 0.016 0.021 0.124 
460 0.020 0.016 0.019 0.115 
470 0.018 0.016 0.020 0.107 
480 0.017 0.015 0.018 0.102 
490 0.018 0.013 0.016 0.093 
500 0.015 0.015 0.017 0.092 
47 
510 0.016 0.014 0.016 0.091 
520 0.017 0.015 0.015 0.089 
530 0.019 0.013 0.014 0.087 
540 0.015 0.011 0.014 0.084 
550 0.017 0.014 0.014 0.081 
555 0.018 0.014 0.014 0.082 
560 0.020 0.012 0.013 0.082 
565 0.018 0.013 0.014 0.077 
570 0.018 0.012 0.013 0.080 
580 0.017 0.013 0.014 0.079 
590 0.018 0.012 0.013 0.078 
600 0.015 0.009 0.021 0.070 
610 0.019 0.013 0.019 0.080 
615 0.018 0.009 0.026 0.083 
620 0.012 0.012 0.021 0.078 
625 0.010 0.015 0.021 0.082 
630 0.018 0.007 0.020 0.070 
635 0.013 0.007 0.021 0.071 
640 0.020 0.011 0.021 0.067 
645 0.017 0.014 0.023 0.070 
650 0.017 0.007 0.020 0.077 
655 0.015 0.012 0.022 0.075 
660 0.014 0.011 0.023 0.076 
665 0.013 0.011 0.023 0.077 
670 0.012 0.011 0.024 0.078 
675 0.013 0.009 0.023 0.079 
680 0.014 0.008 0.022 0.075 
690 0.014 0.010 0.021 0.078 
700 0.017 0.013 0.028 0.072 
 
Table X:  Microcoleus sample 3 
Grown under sunlight simulating fluorescent light with UV-blocking film 
nm Day 1 Day 2 Day 3 Day 7 
255 0.232 0.181 0.344 3.000 
260 0.223 0.147 0.308 3.000 
265 0.210 0.130 0.298 3.000 
270 0.202 0.120 0.285 2.038 
275 0.172 0.098 0.263 1.581 
280 0.146 0.080 0.234 1.326 
290 0.102 0.060 0.173 0.963 
300 0.084 0.052 0.140 0.762 
310 0.068 0.043 0.122 0.703 
315 0.075 0.045 0.114 0.677 
320 0.062 0.039 0.107 0.660 
325 0.064 0.032 0.103 0.639 
48 
330 0.061 0.030 0.098 0.629 
335 0.048 0.032 0.095 0.615 
340 0.049 0.026 0.093 0.739 
350 0.042 0.018 0.087 0.640 
360 0.054 0.016 0.083 0.597 
365 0.050 0.017 0.081 0.589 
370 0.038 0.016 0.079 0.583 
380 0.041 0.014 0.078 0.602 
390 0.039 0.012 0.075 0.651 
400 0.036 0.011 0.072 0.585 
410 0.035 0.012 0.067 0.562 
420 0.036 0.010 0.061 0.512 
430 0.031 0.010 0.050 0.428 
440 0.033 0.010 0.042 0.354 
450 0.023 0.009 0.039 0.300 
460 0.025 0.009 0.039 0.260 
470 0.024 0.008 0.034 0.234 
480 0.021 0.010 0.031 0.218 
490 0.025 0.008 0.030 0.207 
500 0.033 0.009 0.028 0.199 
510 0.028 0.008 0.027 0.190 
520 0.029 0.009 0.024 0.179 
530 0.032 0.009 0.025 0.173 
540 0.030 0.008 0.024 0.166 
550 0.022 0.009 0.022 0.158 
555 0.031 0.008 0.022 0.155 
560 0.026 0.009 0.021 0.154 
565 0.021 0.011 0.021 0.152 
570 0.023 0.010 0.021 0.151 
580 0.024 0.010 0.021 0.151 
590 0.026 0.011 0.021 0.148 
600 0.015 0.007 0.013 0.146 
610 0.015 0.007 0.013 0.146 
615 0.012 0.007 0.013 0.146 
620 0.021 0.006 0.012 0.146 
625 0.051 0.009 0.012 0.158 
630 0.036 0.007 0.014 0.152 
635 0.032 0.008 0.015 0.151 
640 0.013 0.011 0.013 0.149 
645 0.021 0.008 0.013 0.147 
650 0.021 0.012 0.015 0.152 
655 0.019 0.008 0.013 0.149 
660 0.016 0.007 0.013 0.152 
665 0.015 0.007 0.013 0.151 
670 0.013 0.008 0.012 0.154 
49 
675 0.013 0.010 0.012 0.157 
680 0.014 0.012 0.012 0.160 
685 0.013 0.010 0.012 0.163 
690 0.012 0.008 0.013 0.160 
700 0.010 0.008 0.013 0.157 
 
Table XI:  Wet and dry soil samples 
Grown under sunlight simulating fluorescent light 
nm Wet soil Dry soil 
255 0.893 0.861 
260 0.831 0.778 
270 0.758 0.700 
280 0.614 0.570 
290 0.467 0.440 
300 0.379 0.402 
310 0.342 0.419 
315 0.330 0.421 
320 0.310 0.404 
325 0.288 0.365 
330 0.263 0.317 
335 0.242 0.271 
340 0.231 0.233 
350 0.194 0.171 
360 0.167 0.137 
370 0.148 0.115 
380 0.134 0.097 
390 0.117 0.083 
400 0.108 0.074 
410 0.099 0.065 
420 0.088 0.059 
430 0.079 0.051 
440 0.075 0.046 
450 0.072 0.041 
460 0.065 0.036 
470 0.063 0.034 
480 0.061 0.030 
490 0.056 0.026 
500 0.053 0.024 
510 0.053 0.022 
520 0.052 0.021 
530 0.048 0.020 
540 0.047 0.019 
550 0.048 0.018 
560 0.045 0.017 
570 0.045 0.016 
50 
580 0.044 0.015 
590 0.043 0.014 
600 0.040 0.012 
610 0.038 0.009 
620 0.038 0.010 
630 0.035 0.008 
640 0.036 0.009 
650 0.033 0.009 
660 0.03 0.008 
670 0.033 0.008 
680 0.035 0.010 
690 0.032 0.008 
700 0.030 0.008 
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APPENDIX B:  PHOTOS OF CYANOBACTERIAL CULTURE 
The photos below show each sample of cyanobacteria when grown in sterilized 
deionized water with the addition of BG-11 growth medium in culture. 
 
Figure 17:  Nostoc growing in culture 
 
Figure 18:  Scytonema shown growing in culture 
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Figure 19:  Microcoleus shown growing in culture 
 Figures 18-20 above show the different growth characteristics of each type of 
cyanobacteria. Notice how Microcoleus is filamentous and grows in one large colony, 
Scytonema grows in several clusters of colonies, and Nostoc grows spread out in the 
laboratory dish. 
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APPENDIX C:  PHOTOS OF CYANOBACTERIA USED FOR EXTRACTIONS 
The photos below show the cyanobacterial samples that were removed from the 
culture for the purpose of collecting methanol extracts from each sample of 
cyanobacterial cells.  The weight of each sample is shown in table I. 
 
Figure 20:  Nostoc sample from extracts 
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Figure 21:  Scytonema sample from extract in weighing dish 
 
Figure 22:  Microcoleus sample from extract in weighing dish 
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APPENDIX D:  STRUCTURE OF SUNSCREEN PIGMENTS 
 
Figure 23:  Structure of Scytonemin 
Source:  Schulz-Ehling and Scherer, 1999 
 
 
 
Figure 24:  Structure of Mycosporine-like Amino Acids 
Source:  Schulz-Ehling and Scherer, 1999 
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Figure 25:  Structure of Carotenoids 
Source:  Britton 
http://dcb-carot.unibe.ch/nomen.htm 
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APPENDIX E:  SPECTRA OF MATERIALS USED 
 
Figure 26:  Transmittance spectrum of UVT acrylic 
(1) was used to cover all samples when grown in culture 
(2) shows acrylic Plexiglas® containing a UV absorbing additive 
Source:  Saint-Gobain Ceramics and Plastics, Inc.   
http://www.detectors.saint-
gobain.com/Media/Documents/S0000000000000000003/pdsbc800.pdf 
 
 
 
Figure 27:  Transmittance spectrum of UV-blocking film 
The spectrum of light permitted through the UV film used to cover sample 3, when grown in culture. 
Source:  Edmund Optics 
http://www.edmundoptics.com/onlinecatalog/displayproduct.cfm?productID=1873 
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Figure 28:  Spectrum of natural sunlight compared with spectrum of Duro-Test® light 
Notice how the Vita-Lite® sunlight simulating fluorescent light compares very closely to natural 
sunlight. 
Source:  Natural Lighting Online Store 
http://www.naturallighting.com/store_front.cfm?&parent_id=25  
 
 
Figure 29:  Standard fluorescent light 
Notice the amount of yellow, orange and red produced by a standard fluorescent light compared to 
the amount produced by natural sunlight. 
Source:  Natural Lighting Online Store 
http://www.naturallighting.com/store_front.cfm?&parent_id=25  
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Figure 30:  Amount of UV transmittance from reptile light 
Previtamin D3 formation occurs through catalysis of UV light 
Source:  Zoo Med Laboratories, inc 
http://www.zoomed.com/html/boston_univ_test.php  
 
 
